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Introduction
A key characteristic of economies faced with systemic financial crises is their exposure to dramatic real exchange rate fluctuations. 2 The empirical cross-country evidence suggests that real exchange rate volatility has a significant impact on aggregate total factor productivity growth (TFP). 3 In this paper we provide new evidence on possible transmission mechanisms from relative price volatility to TFP. In particular, using sector-level panel data, we show that volatility may distort the efficient allocation of investment across sectors, especially in countries where relative price volatility is more prevalent.
Doing business in an economy that is periodically exposed to turmoil in relative prices means that entrepreneurs must face substantial uncertainty about the profitability of alternative projects. Under this scenario, a key feature is the ability to adapt to a volatile environment. One influential strand of the investment literature suggests that volatility, coupled with irreversibility (i.e., the notion that once certain investments are undertaken, installed capital has little value for alternative uses), increases the expected return required for an investment to materialize.
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Available cross-country empirical evidence is supportive of this view. 5 Moreover, relative price volatility associated with financial crises has been shown to be a determinant of investment collapses in developing countries. 6 However, volatility affects economic growth not only through its direct impact on lowering investment, but can also harm productivity growth by affecting the efficiency of investment allocation. The link between volatility and productivity relies on how volatility may affect choices made about the type of investment projects selected vis-à-vis those that fail to materialize. For example, if volatility discourages disproportionally more certain types of investments that are associated to higher innovation (ranging from the invention of new products to making a given technology more efficient), then TFP may take a hit. 7 Even if innovation is not an issue, to the extent that more efficient technologies require a higher degree of specialization, thus reducing flexibility to switch across activities using the same equipment, relative price volatility may introduce distortions in the sectoral allocation of investment.
While all countries face some degree of volatility, emerging markets in particular have been subject to a history of international financial crises and volatility in relative prices. A key characteristic of economies faced with large capital inflows and subsequent crises is their exposure to dramatic real exchange rate fluctuations. For example, Calvo, Izquierdo and Mejía (2008) find that almost three-fourths of large real exchange rate depreciation episodes in emerging markets are linked to sudden cuts in the capital account. When this happens, current account deficits must be curtailed as there is no more financing for them. In equilibrium, this is attained through a large depreciation of the real exchange rate. However, previous to capital account disruptions, many of these economies typically undergo large capital inflow episodes accompanied by large real exchange rate appreciation. Economies that are intermittently exposed to such relative price volatility face substantial uncertainty about the profitability of investment projects, and entrepreneurs may find it optimal to select technologies that are easily reversed, i.e. that are more malleable. 8 However, greater malleability may not be costless, given that constantly jumping from one task to another may prevent the discovery of more efficient methods of production. Calvo (2005) formalizes this idea. He develops a simple model that explores the effects of relative price volatility in entrepreneurs' incentives to undertake certain investment projects over others. The basic idea is that volatility may induce producers to adopt "malleable technologies," permitting them to change from one line of production to another with a minimum of stress at the expense of lower productivity. Implicit is the idea that specialization and focusing on narrow tasks are conducive to greater innovation or productive efficiency. As a result, more specialized, less malleable technologies will tend to be more productive.
Despite the strong intuitive appeal of Calvo's model, empirical validation has remained elusive. Embedded in his arguments is the idea that volatility affects the allocation of investment productivity growth. Aizenman and Marion (1999) provide an explanation for the reluctance of entrepreneurs to embark on new activities in the presence of volatility. 8 This idea has been identified long ago in the Latin American and the Caribbean literature as a case of "speculative production," in that entrepreneurs, constantly speculating on relative price volatility, pick technologies that make it easy to switch from one product to the next. One of the clearest examples is that of the agricultural sector, which may quickly switch from one crop to the next depending on relative prices. See Ocampo (1984) .
across different economic sectors. Goldberg and Kolstad (1995) study the effect of exchange rate volatility on the allocation of foreign direct investment. 9 However, their work is not otherwise related to Calvo's model as it does not relate the location of investment to the underlying productivity of technologies.
Instead, Demir (2009b) takes the stance of associating "malleable technologies" with investment in financial assets while "productive technologies" are associated with fixed capital investment. 10 Using firm-level data for a sample of three developing countries, he does not find a homogeneous empirical relationship between volatility and investment allocation across these categories. Arza (2008) explores the effects of general macroeconomic volatility on investment in machinery and investment in R&D using micro data for Argentina during the period 1992-2000. While she finds evidence of a negative impact of volatility on both types of investment, she does not explore allocation effects.
Although malleability is difficult to assess empirically, a shortcut is to consider capital intensity relative to labor as a proxy for inflexibility, under the assumption that labor is easier to reallocate than capital, which tends to be more specific to a particular production process. are associated with higher TFP levels-the correlation between these two variables is 0.5-supporting the view that more inflexible production technologies could in fact be more productive. Taking this as an assumption, we explore what is the efficient allocation of investment across sectors in the context of a simple framework that relates sector-level investment to the underlying productivity of technologies. We show that in the absence of economic frictions and relative price volatility, investment allocation across economic sectors should be positively related to the underlying relative productivity of technologies. If this is the case, the existence of volatility could bias investment choices into technologies that are less productive but highly malleable. To the extent that expected volatility remains a cloud parked in 9 They show using two-way bilateral foreign direct investment flows data for four industrialized countries that exchange rate volatility tends to stimulate the share of investment activity located in foreign soil 10 Tornell (1990) argues that given the uncertain environment in developing countries, real sector firms may prefer to invest in more liquid reversible assets in the financial sector rather than on irreversible fixed assets.
the investment horizon, economies could remain stuck in less productive environments than those of less volatile peers.
The main contribution of our paper is to provide a new approach to test the impact of relative price volatility on investment allocation. One point of departure with respect to previous efforts is that we use sector level data to exploit TFP heterogeneity within the manufacturing sector. We take from Calvo (2005) the idea that relative price volatility conspires against the choice of more productive technologies, and from Goldberg and Kolstad (1995) the idea that volatility affects the composition of investment and ask: can relative price volatility affect sectoral allocation of investment away from what TFP differences would indicate? Our research concludes that the answer is affirmative for the case of emerging market economies.
Interestingly, this result is consistent with recent findings showing that emerging marketswhich in terms of financial integration stand in between developing and developed countries but may lack the necessary institutions to ensure financial stability-are the most exposed to Sudden
Stops and are therefore the most likely to be subject to substantial real exchange rate volatility stemming from financial shocks.
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The structure of the paper is as follows: Section 2 provides a conceptual framework linking investment allocation to the underlying productivity of economic sectors. Section 3 describes the methodology and the data. Section 4 shows results, and Section 5 provides robustness checks. Finally, conclusions are given in Section 6.
Conceptual Framework
In order to proceed empirically, it is first necessary to understand the relationship between sectoral investment shares and relative TFP. The simple framework introduced next clarifies this point, and it represents a benchmark indicating efficient investment allocation in the absence of relative price volatility. It will be used later on in the empirical section as a departure point against which the effects of volatility can be contrasted.
Consider the case of a representative firm that seeks to maximize profits (П) by choosing optimal capital allocation in the production of two different goods. Good 1 has a production technology given by , where is represents TFP, and is capital allocated to the ) See Calvo, Izquierdo and Mejía (2008) . production of good 1. Good 2 has a similar production technology, which differs only in its productivity level, represented by . Thus, the firm's maximization problem can be written as:
where r is the rental rate of capital, and p is the price of good 2 (in terms of good 1). First order conditions for this problem are given by:
Assuming production functions are homogeneous of degree n, and using Euler's theorem for homogeneous functions, the following holds:
Making use of equations (5) and (6), the share of investment in sector 1 ( ) relative to total investment ( + ) can be rewritten as:
From (7) it can be easily verified that the share of investment in the production of good 1 relative to total investment depends positively on relative TFP of good 1 vis-à-vis a weighted sum of TFPs of good 1 and good 2 (see the second term in equation (7)). This framework can be extended to incorporate n goods, in which case the weighted sum is extended to include additional terms showing TFPs of any additional goods. In more general terms, equation (7) could be written as: 
where w j represent weights given by the second term in equation (7). For the particular case analyzing two goods, it is clear from equation (7) that the share of investment in good 1 in total investment depends positively on relative TFP of good 1 vis-à-vis that of good 2, or the ratio 2 1 a a .
In summary, in the absence of economic frictions, investment allocation across economic sectors should be positively related to underlying productivity. In particular, we would expect to observe higher investment going to sectors with relatively higher TFP. The question that will be asked in the empirical section is how much the relationship described in (8) is altered with the introduction of relative price volatility. As mentioned in the introduction, large capital inflow processes and subsequent disruptions in international credit markets, a common factor in emerging economies, affect a key relative price, namely, the real exchange rate. However, the effect of real exchange rate volatility on sectoral investment allocation is not clear. For instance, to the extent that more productive sectors are basically tradable but their production technologies are less malleable, then large real exchange rate volatility may affect those sectors disproportionately in terms of the uncertainty of profits derived from investment in those sectors.
However, these characteristics may not necessarily hold in tandem to validate such an explanation. Therefore, we address this question from an empirical perspective in the next section.
Methodology and Data
Relative price volatility may reduce the ability of countries to allocate resources efficiently. In an ideal frictionless world with little uncertainty, resources should be allocated more intensively towards activities where productivity is the highest. High volatility exacerbates uncertainty and may lead to allocation decisions that may remain optimal from a private point of view, but that deviate from a socially optimal environment of low volatility. We test for the existence of these potential allocation effects of relative price volatility by exploring how the share of investment received by each sector in a country matches that sector's relative productivity, and how that relationship changes under different scenarios of volatility.
Based on the framework subsumed in equation (8) (9) where i,j and t denote a sector, a country, and year respectively, I ijt is investment in sector i in country j at time t, jt I is total investment in country j at time t (
), and TFP ijt is a measure of total factor productivity of sector i in country j at time t.
jt TFP is a proxy of the denominator of equation (8) given by the simple sum of total factor productivities of all sectors in country j at time t.
12 σ measures relative price volatility. Finally, μ and ν are country-time and industry-time fixed effects. These dummy variables control for all possible observable and unobservable components that vary at a country-time and sector-time level, respectively, reducing the need for additional control variables.
It is worth noting that the ratio of TFP of sector i of country j in equation (9) is lagged.
The analysis above suggests that the TFP ratio is predetermined, and that investment decisions are made based on the observation of productivity across sectors. That is, it assumes that the TFP ratio is exogenous. If productive enhancements are imbedded in capital goods, it is likely that investment will affect TFP. If this is the case, and if it happens contemporaneously, the estimation of equation (9) would be subject to biases due to this type of endogeneity. We deal with this potential problem in two ways. First, we estimate (9) by OLS while lagging the TFP ratio by one year and, second, we estimate (9) using an IV estimator. In the latter we use the second year lag of the TFP ratio as an instrument. The IV estimator is used in case the first lag does not remove endogeneity completely.
Similarly, the country-specific volatility measure (σ) is also lagged in equation (9), as we assume that investment decisions are made based on the observation of prevailing volatility in 12 Given lack of data on relative prices it was not possible to construct weights as suggested by equation (8). Thus, the first term on the right-hand side of equation (9) was constructed as the share of TFP in sector i of country j at time t in the simple sum of TFPs of all sectors of country j at time t.
the economy before investment decisions are made (i.e., volatility is also predetermined).
However, it is well known that volatility does not affect all countries uniformly. 13 For that reason, we allow for differential effects across well-identified country groupings: advanced and developing countries. For the last group of countries, we further distinguish between emerging market economies, which are the subset of countries integrated to world capital markets, and other developing economies which are less integrated into capital markets.
The main test conducted in this paper is on the sign and significance of the coefficients 1 γ and γ 2 , both for the whole sample of countries, as well as for the three groups of countries described above. In advanced economies, where financial frictions are less common and macroeconomic environment is relatively stable, we expect a positive relationship between the share of investment in each economic sector and relative productivity of the sector (as predicted by the model presented in the previous section), and also that macro volatility will be less of an issue (i.e., γ 1 > 0 and γ 2 = 0). For other types of countries, where financial frictions abound and systemic crises are common, we expect that the connection between TFP shares and investment allocation will be weaker (i.e., γ 1 = 0) and/or that volatility will distort the efficient allocation of investment (i.e., γ 2 < 0). In other words, as volatility increases, the estimated relationship between the dependent variable and sectoral relative TFP should weaken, meaning that γ 2 is negative.
Equation ( employees, and value-added to construct ratios of sectoral investment to total investment and the proxies of total factor productivity (TFP) needed to construct the ratios shown in equation (9).
14 Appendix 2 describes how TFP measures are constructed. Here, it suffices to say that TFP is constructed by a cost shares approach. A Cobb-Douglas production function in labor and capital is assumed. The production function is log-linearized and TFP is computed as the 13 Countries at different income levels, degrees of integration to world markets and development of local financial markets, have different means to deal with volatility (see Aizenman and Pinto, 2005) . 14 Investment and value added are in current US dollars.
accounting difference between output and a linear combination of the inputs with cost shares varying between industries but remaining constant across countries.
Computation of the investment ratio is straightforward. Using data on gross fixed capital formation from UNIDO (2008) for each sector in each country and for each time period, the investment ratio is calculated as the share of investment in a specific country-sector in the sum of investment across sectors in that country (aggregate investment).
Baseline regressions use the volatility of the yearly change in the real exchange rate of each country as the proxy for relative price volatility. 15 We compute the real exchange rate as a bilateral real exchange rate of each country with respect to the United States. Consumer price indexes are used for the computation of the real exchange rate. 16 Volatility is measured as the standard deviation of the twelve month change in the logarithm of the bilateral real exchange rate index in a 60 month period. Alternative measures are used for robustness checks.
Results
Columns (1) and (2) of Table 1 , report baseline results of the estimation of equation (9) by OLS and IV for the whole sample of countries. Interestingly, these results suggest that neither the TFP ratio (i.e., coefficient 1 γ ) nor the TFP ratio interacted with the measure of relative price volatility (i.e., coefficient γ 2 ) are statistically significant.
In order to explore this result further, the next logical step is to allow coefficients attached to the relevant explanatory variables to vary across different types of countries. This seems a natural avenue to explore due to the large heterogeneity among countries in the sample.
As shown in Appendix 1, the sample includes a mix of industrialized countries, developing countries with high penetration in international capital markets (emerging), and developing countries with low participation in global capital markets (non-emerging). As explained before, these groups of countries differ in several dimensions, including their level of volatility, their macroeconomic management, and the quality of their institutions, among others.
To take these differences into account we estimate the following variation of equation (9): 15 The data used to construct these measures comes from the International Financial Statistics of the IMF. 16 The real exchange rate is defined as: RER i = P USx ER i /P i . Where ER i is the nominal exchange rate of country i with respect to the US, and P US and P i are the consumer price indexes of the US and country i respectively. Results of estimating equation (10) using OLS and IV are reported in columns (3) and (4) of Table 1 . Results are robust across both specifications and suggest that in fact there are relevant differences across groups of countries. In line with our priors, in both specifications coefficient γ 1 is positive and significant for advanced and emerging economies only, while γ 2 is negative and significant for emerging economies, but is not significant for advanced or nonemerging economies.
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This result attests to the fact that volatility in emerging countries affects the efficiency with which investment is allocated. It seems that volatility hurts particularly in countries that, while integrated to international capital markets, may lack sufficient institutional arrangements to cope with volatility. This result has an analogous counterpart in recent findings that relate the probability of facing a Sudden Stop in capital flows-a major culprit for real exchange rate volatility-to levels of financial integration. 18 Countries with low levels of financial integration have a small probability of facing a Sudden Stop, but so do advanced countries that, while being vastly integrated, possess sophisticated volatility-coping weaponry. However, emerging markets, with higher levels of financial integration than developing countries but more precarious volatility-coping mechanisms than developed countries, face the highest probability of a financial crisis and, as such, are much more exposed to real exchange rate fluctuations stemming from financial turmoil. Of course, this does not mean that larger integration is necessarily bad.
Quite to the contrary, recent literature has highlighted the benefits of larger integration despite increased proneness to crisis. 19 However, it implies that emerging markets are probably the most affected by real exchange rate volatility given the larger swings in capital flows that they face.
The threat of living in an environment with potential volatility in the cards may lie behind the choice of less productive technologies and lower levels of average TFP vis-à-vis more stable regions.
These results are not only statistically significant; their economic impact is also relevant.
To see this, and to visualize how the impact differs across groups of countries, Figure 2 plots the marginal impact of changes in the TFP ratio on investment shares for different levels of volatility and for each group of countries. The marginal impact is computed as: 
where k denotes the group of countries for which the marginal impact is computed (A,E, or N). percentage points. This number is significant given that the average investment share for this group of countries is 4.5 percent. The result that the impact does not change significantly for different levels of volatility maybe explained by the fact that volatility is very low in this group of countries (see Appendix 3) and that these economies have the means to deal with the existent volatility successfully.
19 See for example, Rancière, Tornell and Westermann (2008) . 20 Note that the relevant standard error for the estimated marginal impact for each group of countries k is given by: In summary, the results suggest that relative price volatility affects the efficient allocation of investment across economic sectors. However, the result is not uniform for all countries. For advanced economies, where volatility is low and countries have the instruments to deal with it, there is no distortion. For emerging economies, which are prone to crises but that may lack sufficient institutional arrangements to cope with the ensuing relative price volatility, the distortions are prevalent. Finally, for other developing countries, we do not find any relationship between investment allocation and relative TFPs irrespective of volatility levels, which suggests that relative price volatility appears to be just one of many distortions that cloud the relationship between these variables in those economies.
Robustness Check
In order to test the robustness of these findings, different dimensions are explored, involving alternative measures of volatility and TFP, and a different model specification to account for possible persistence in investment shares.
First, alternative measures for relative price volatility are computed. In particular, two additional time-varying measures of volatility were constructed: the first one using a shorter twoyear window, and another one using a fixed initial period and a varying time frame. 21 Keeping the initial valued fixed as opposed to using a rolling window may be relevant under the assumption that investors incorporate long memory in their decision making process. 22 Results for OLS and IV regressions are reported in Table 2 .
Both the significance and size of the coefficients reported in Table 2 remain qualitatively unchanged with respect of those in Table 1 .
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As additional robustness exercises we use different measures of volatility such as dummy variables for banking crises and systemic banking crises-from Caprio and Klingebiel (2003)-and currency crises-from Cerra and Saxena (2008) . The results are reported in Table 3 . For concreteness, we focus on the coefficient estimates for emerging countries only as this is the subset of countries for which these crises are more prevalent. In line with our previous results, we find that crisis volatility affects the efficiency with which investment is allocated.
Next, in Table 4 we test the robustness of the baseline results using an alternative measure of TFP based on fixed-cost shares. For this exercise we assume that the share of capital and labor is the same across all industries in all countries (see Appendix 2 for details). Once again, results for the OLS and IV models remain qualitatively unchanged.
Finally, we contemplate the possibility of model misspecification in (9) arising from the potential persistence of investment ratios over time. To account for this, we introduce the lagged dependent variable as an additional explanatory variable. Formally we estimate: 
The inclusion of a lagged dependent variable in the context of a panel with fixed effects is well known to generate biased and inconsistent estimators, since the lagged dependent variable, by construction, will be correlated with the error term. In order to deal with these issues, and following Arellano and Bond (1991) and Blundell and Bond (1998), we estimate (12) using a system GMM estimator. Due to the difficulty in implementing this specification for a large set of explanatory variables as in equation (10), rather than including interactive terms with country-type dummies, we estimate three regressions, one for each set of countries. Table 5 reports these results.
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For each set of countries, the lagged value of the investment ratio is significant, suggesting that investment composition is indeed highly persistent. Sectors that received a higher share of investment in the past are likely to retain their share in the future. It is important to point out that controlling for persistence in the investment ratio reduces the size of the coefficient of relative productivity (γ 1 ), which would be consistent with an underlying model in which the fixed costs of investment limit the ability of an economy to accommodate quickly to changes in the relative profitability of investment opportunities. But this does not change results regarding the effects of volatility on the allocation of investment. The sign and statistical significance of the coefficients that accompany the interaction of the TFP ratio and volatility (i.e., γ 2 ) remain unchanged.
Conclusions
This paper provides empirical support for the idea that volatility, in particular real exchange rate volatility, reduces entrepreneurs' incentives to adopt more productive but potentially less "malleable" technologies to minimize uncertainty associated with relative price fluctuations.
25 24 Due to instruments proliferation and matrix convergence issues, results reported here correspond to split sample dynamic panel regressions. This approach differs from the previous estimation approach in that the calculation of industry-time effects is specific to each country grouping. We use the second and third lags of the variables in the model as instruments. The choice of instruments was validated by specification tests. 25 As mentioned in Section 2, this could occur when more productive sectors are tradable sectors (an assumption in line with the literature) and their technologies are less malleable (as proxied by the positive correlation of the capital-labor ratio and TFP shown above). In this case, real exchange rate volatility will reduce relative allocation across these sectors, even if they are more profitable in the absence of real exchange rate volatility. This is done by testing whether volatility affects the allocation of capital out of highly productive, potentially less malleable sectors. To the extent that expected volatility is a cloud on the investment horizon, economies could remain stuck in less productive environments than those of less volatile peers.
We use a panel of country-sector data for 65 countries spanning from 1985 to 2003 to test if volatility affects the relationship between sectoral investment shares in total investment and relative productivity. Our results suggests that investment shares and observed relative productivity are highly correlated in advanced economies, and poorly correlated in developing economies with little access to international capital markets, regardless of the level of relative price volatility. This is, in and of itself, evidence that countries that face higher levels of volatility (developing countries) are subject to a much higher degree of investment misallocation than countries where real exchange rate volatility is much lower (advanced economies). Note: This graph represents the response of investment shares to TFP changes under different volatility scenarios. This is constructed using information in Table 1 Column 3. Notes: Standard errors corrected by industry-country clusters in brackets *** p<0.01, ** p<0.05, * p<0.1. All specifications include industry-time and country-time effects. IV estimators include the second lag of the TFP ratio as an instrument. 
This measure of TFP is very similar to the previous one, with the added benefit that the technological coefficients vary across industries. We use both measures to compute the relevant ratios used for the estimation of equation (9).
Appendix 3. Descriptive Statistics
Note: The values that appear with a zero on the table appear that way because of an approximation to the nearest thousandth. No sector has a zero share of investment. The values are small, but actually positive. 
